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Irrigation Districta Coaparisons

In a previous publication {Tanjl, et al., 1977), a compariscn was
wade on 1375 seasonal supply and surface drainage water and their
qualities for the Glenn-Colusa Irrigation District {GCID) in the Sacramento
Valley and Panoche Drainage District (PDD) in the San Joagquin Valley.

The dominant crop in GCID is rice which is baain flooded and the
major cropa in PDD are tomato, cotton, and other row and fleld crops
which are normally furrow irrigated. m: the GCID, average seasonal
irrigation was 6.31 na\nn\wnw:m.mmq e”/ha) and surface irrigation return
flow, 1.84 ac/ftsac (5,606 v /ha} or 295 of supply water, I contraat,
PDD's average seasonal irrigation was 3,23 ac-ft/fac {9,842 r'sha) and
surface drainage, 0.75 ac-ft/ac (2,285 8°/ha) or 231 of supply water.

The flow-weighted average concentration of suspended sediaent in
GCID was 25 mg/l and return flow, 36 mg/l, while in PBD {t was 90 and
348 mg/l, respectively. In terms of unit mass emission rate, GCID
discharged less suspended sediment (0.09 vs. 0.21 tonssfac) (200 vs.
570 kg/ba) than tha loading rate in supply water whereaa PDD diacharped
more suspended sediment {0.39 vs, 0.33 tons/ac) (B7Y va. ThO kg/ha) than
applied by the irrigation water. Such concentration differences may ba
attributed to Jooded rice culture acting as setitling basina for suapended
sediment ina GCID while furrow irrigation produced sediments in PDD.
But con a mass basis, only slightly more sediments were diascharged by
FDD thabh were brought in by the supply water.

The impacts of these return flows on receiving atream qualities

were previoualy reported (Tanji, 1981).

Discussion of California Studies

The resulta presented on saediment production and discharge into
recelving waters docupent some of the complex and interacting facteors
involved in scll erosion and sediment control. For instance, surface
runcff from flooded rice fields contained only an average of 16% of the
sediment brought in by supply water because the fields act as settling
basins. On some soils like the Panoche clay loam in Panoche Pralnage
District, furrow irrigation produces a large sediment lecad, but it can
be controlled if a tail water recovery system is installed, In a similar
furrow irrigated tomato field in the Sacramento Valley, the first
irrigation produced high concentrations of suspended sediment but a
second frrigation produced less sediment maimly because tillage was not
practiced befors the second irrigation, indicating that reducing tillage
will reduce sediment losa. Furthermore, in the Sacramento Valley,
substantial amounts of sediments were picked up in the return Flow ditch
collecting tailwater from furrows because of increased current velocity
and channel erosion in a freshly graded ditch,

At a larger spatial scale like in an irrigation district, sediments
produced from fields or farma may be either deposited in drajns when
current flow velocities are sxall or tranaported through dralns when
velocities are large. 1In some instances, water in drains way pick up
bed loads deposited from previous flood runoffs.

Based on these and other observations, it is elear that thera are
st least two levela of aspatial ascales that need to be addressed on
sediment control, one at the on-farm level and the other at irrigation
project and river baain level,
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Eroston and Sediment Losa Studies in Idaho

Many erosion and sediment igss atudies have boen conducted on
srosive silt loam soils in sputhern Idaho durfng the past 15 years,
The Firat astudy measured sediment inflowa and outflows for two large
irrigated tracta. Sediment concentrations ranging froa 20 to 15,000
g/l were measured. The seasonal sediment loss from rlelds into drains
on & 161,500 acre (65,350 ha) tract was 1.78 tons/acre (4,000 kg/ha).
Host of this sediment deposited In drains requiring mechanized removal,
The seasonal loss Froz an adjacent 203,000 acre {82,030 ha) tract waa
0.63 tons/acre (1,420 kg/ha) {Brown, et al., 1974; Carter, 1976).

Individual irrigation and seasonal sediment losses have been measured
onh approximately B0 fields over the past J0 years in atiempta to relate
furrow slope, furrow stream size, run length, tillage managemcnt, crop
and residue to sediment loss (Berg and Carter, 1980; Carter and Berg
1983). Reaults from these studiea have been used to davelop tables om.
expected sediment losses for different slopea, cropa, and run lengtha,
and depending upon the presence or absence of a convex end condition,
The presence of a convex end, which 1s a progressivae slape increase with
distance over the last 20 to 60 ft (6 to 18 m) into the tailwater diteh
{Carter and Berg, 1983), significantly increases sediment loases,
Ceneral average values {Table 1} are useful for daveloping predictive
medels and mathematical relationships (Kemper, et al, 1985), but we mist
recognize that these data are highly variable, Therefore, predicted
sediment losses pay range widely from measured values on any particular
field, Data in Table 1 represent the moat common conditions. Sediment
leases are greater where water application ia with gated pipe or from
an earthen diteh with cutouts., Fun length also influences sediment lona,

There are several recognized reascns for the variabflity in sediment
losses from flelds. One is that alope often varies over the run lergth,
Another is that the previous crop has an impact on erosion and sediment
lossa, and usually was not considered in Tield selection for atudy.
Tillage management influences eroslon and sediment loss, and it 1s alsp
a fleld to field varlable. Irrigatien ganagement, including stream sire
and 1ts adjustment during an irrigation, irrigation duration, and number

Table 1. Estimted sedinent ylelds for dffferent orcps irrigated fron cement 1ined
ditches with sithen tubes, Amn length was 660 feet (201 m}v,

#verage Field Slope, 3

— e e 3
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gﬁﬂumzxmzzmzzmzzm
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ALfalfa 0.0 0.0 0.0 0.7 09 12 23 24 41 56 7.0 9.8
0.0 0.0 0.0 16 20 27 52 65 9.2 126 15.7 22.0
Coenl grain 1.1 1.3 1.8 3.2 A0 56 6.4 8.0 1.2 0.4 13.0 18.2
rpas 2.5 29 b0 7.2 9.0 126 W3 1.9 B0 3.3 291 0.4
Dybeans 2.5 3.1 A4 8.7 10.9 15.3 8.0 23.0 2.2 B0 3%.0 19.0
acon 56 T.0 9.9 19.5 208 30,3 81,2 Si.6 72.2 £2.8 70.5 109.8
Suprbeets 3.2 4.0 5.6 129 152 21.2 X8 33.0 ¥%.2 40 55.0 T7.0
7.2 9.0 126 27.1 341 47.5 5.2 74.0 1016 .6 123.3 172.6
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of irrigationas varies with the operator and influencas erosion and
sediment 1osa. There are alsc other, not completely understood, parascters
that influence sediment loss,

Controlling Sediment Loxaes

Puring the paat 15 years, saveral research projects have been
tonducted to develop and evaluate different management alternztives for
reducing sedinent loas from furrow irrigated land, 7The efficienciea of
various "Best Management Practicea® (BHP's) for reducing sediment loases
have been established, and based on those efficlencies and cost
considerations, BMP's can be applied by farmers. Thesa BMP's have been
applied in various cowbinations to two wetersheds to determine potential
reductions in sediment loas by applying best known techoology. The BMP's
will be discuased followed by a discussion of the two watershed projecta.

Sediment Reteotioen Basxins

There are several types of sediment retentlon bazains ranging from
ponds of an acre (0.4 ha) or more located on a main drain to mini-basins
receiving runoff from only 4§ or 5§ furrows. All are eflective, and each
has ita best application. Large nediment basins on mailn dralns are
often formed by constructing an earthen dam acroass the dralnage at a
sulitable site and installing & proper outlet. These large baszina have
aedjment removal efflciencies of 65 to 90f depending upon the sediment
concentration in the inflow water and the time requlred fopr water to
paas through the pond {Brown, et al., 198%), Hedium sized sediment
retention basins sre often excavations recelving runoff water from cne
or wore flelda. Thelr sediment removal elfficlencies range from 75 to
95%. Mini-basins are formed by excavating a sequence of small basina
along the lower end of a field or by placing earthen checks across the
tallwater drainage ditch. 1If control outlets into a separate dralnage
diteh are placed in each minibasin, the efficlencles will range Fruam 85
to 95%. If water 1s allowed to pass from one basin to the next, thete
basins become much less effective with efficienciea of only 47 to 708,
and often the flow volume destroya thoe checks and bazins are washed out
{Brown, et al.,, 1%81; Carter and Berg, 1983).

Another type of mini-basin is the *I-slot™ or *T-2lot™, These are
#lots excavated in the taflwater drainage ditch in the shape of an "I"
or "T" as the names indicate. The efficiencies of these basina are
about the same as for mini-basina where the tailwater flows sequentially
through the entire series, or about 40 to 70%.

Buried Pipe Runoff and Sediment Coatrol Syatem

& runelf and sediment loss control syatem comprised of a buried
draln pipe along the lower end of a fleld with vertical inlets at
intervals was developed by Carter and Berg (1993). The Firat aseason
these vertical inlets serve aa outlets for mini-basins. As the mini-basins
fil}! with aediment, a convex end problem can be corrected, and more land
can be cropped because the tallwater ditch has been replaced by the
buried pipe. This BHP has a sediment removal efficlency of 90 to 95%
while mini-basins are Filling with sediment and 75 to 90f% after they
have filled,

The initial cost of the buried pipe runoff and sediment control
system i3 higher than for some other practices, but it has the potentjal
of paying for itself in & to 8 years by correcting convex end and
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tallwater ditch problems, and adding productive area to rields where
installed {Carter and Borg, 1983}.

Vogatative Plltar Stripa

Strips of ceroal, grass, or alfallfa seeded glong the lower end of
fields can reduce scdiment lossos by HO to 60% depesnding upon the godiment
load in the runoff water, the placeaent of the vegatative filtor strip,
and how far furrows sre n3de into tho ateip. Those vegetutive Filter
stripa can be harveated for some return from the land although yielda
por unit arca ara usually only 50 Lo 708 of field yilelds. Such vegetative
filter strips caw also be placed along the upper ends of Flelds to reduce
orosion where furrow astreaws excoeed the oroslive olze.

Vegetalive Filters wuat bo properly installed and menagoed 1 they
ars to bo an sflfective B¥P. Thoy are a relativoly low cout alternativa,
but thelr effeativeness is leas than that of aome other DHP'a,

LG Drain Evaluation

A 1,300 acre {1,336 ha) waterahed tributary to the Snake River in
southern Idaho waa atudied os a Section 208, P.L. 92-500, projeck,
Earlier measuremenls of acdinent leas had been made in 1972 and Lhe
study perlod wayn 1977 Lhrough 1980, ALl dralnage water entercd Lhe
Snake River at cno point whero water and acdiment outflows were measuied,
The waterahed was comprised of 25 farelng units, Water and sediment
fnflows and outllows were measured for the h-year pertiod. 1977 wWas
considered the bazeline year. Tha DHMP'as discussed earlier were applied
on flelds, farms, and on the main drain. The BHF'a applied to ecach
particular farm or field were selected through discussions with farmers
and an evaluation of which DMP's appcared moat promising. 1In addition
to the BMP's discussed carjier in thias paper tLhere were aome btillage
treatments, one tallwater recovery system, improved water conveyance
and control atructuren, some improved waler management practices initiated
such as using gated pipe to shorten run lengtha, and some Improved
irrigation syastems installed. Vegetative filter strips and sediment
retentlion basina comprised wost BMP's applied,

The application of thess BMP'a aa beat avallable technology did
algnificantly reduce sediment losa {rom the watershed (Table 2). Two
large sediment ponds on the main drain accounted for much of the loss
reduction, The salight increaase in aedizent loas in 1980 over 1974
resulted from greater water oubflow at a lower sediment concentpation
in 1980 compared to 1979. Therefore, ths effectivencza of the control
BMP'a improved each year.

Table 2 = LQ Drain flow and sediment diacharge to tha Snake River

Cum. [low Cum, sediment Sediment lcss  Sediment loss

Season cublic meters, kg, thousanda (% of 1972) {f of 1977)
thousands

1972 10,855 11,385 106 -

1977 16,084 8,709 16 100

1978 12,300 3,047 30 40

19718 11,595 1,769 15 20

1980 13,969 2,086 18 24
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Rock Creck Rural Clsan Water Project Watershed

A Rural Clean Water Act Project has been underway for the past five
years. This vatershed i» cooprised of about 45,000 acrea {18,225 ha).
BHP's ara belng applied to wore flelds and farma each year, and the
project 13 nol cowplete. Prelioinary results are similar to those
cbtaincd on the LQ project for subunits of this project. One additicnal
DHP being applied boginning in 1986 s conscrvation tillage practices,
Impacts of this now BMP are not yet known, but preliminary roosulta are

promising.

Eroslon and Sediment Loss

Moat of the roaearch and tochnology application to date has been
directed toward reducing sediment lesses {nto rivers and streamo, Hance,
ouch of the information avallable concerns trapplng sediments to prevent
them Crom polluting watera, Thare are costs aascelated with the injtial
inatallatlon and mainlenanco of scdiment trappirg UHIs, and many farmers
carnolb alfford these exlra costa or they aro not willing to apend resources
for such practlicez, without seme cost sharing from oulzide sourcas.
Theretore, present rescarch effortv are almed at preventing the erorion
that auspendz nediment, at 1ittle or no cost to the farmer,

Only a portion of the damope cavsed by crosion and sedimentation
13 represented by tho sediment losa from furrow irrigated lamd. Tragie
yleld potential loascs have resulted Cfrom the dynamin eroaion and
sedimentation proceascs along ireigation furrowsa. Droun (1985) haa
stigun that aevere erosion eccurs along wvpper length scpgments of Murrows
and aedimentallon occecurs along lengbh segments further down the Parrows,
The process varies with each irrigation, Carter, et al. (1985) concluded
that the redistribution of topseil from upper to lower ends of fields
by this eroalon and sedimentation process has redveced potential crop
yiclds approximately 255. In other worda, present yields are ouly 758
of what they could have been had there been no erosion. OQur afforts
ghould be directed at stopplng erosion, which will alao reduce sediment
concentrations ln return flowa.

Fresion Control Technology

Effective Furrow erosicn control depends upon metheds to increase
soll cohesion and to use plant residues to disaipate strear Tlow energy
and to bind seils together, Applying amall amcunts of residues tg
furrcwa can almost eljminate sofl erosion and sediment loas (Miller and
farstad, 1983; Berg, 198%; Brown, 1985). A better approach, however,
13 to leave residues frow the previous crop on the soil, with the right
socunt in the furrew. Presently, several conservation tillage regimes
are being evaluated for this purpose. Limited results indicate that
scdiment losses can be reduced 50 to 90% by applying minimuz tillage
practices. Results from one fileld study indicated that no-till farming
¢an be applied to at least part of the ecrep rotation on furrod irrigated
land, almost eliminating furrcw erosion, and without reducing crop ylelds
{Carter, unpublished data).

Concluaiona

Irrigation erosion i3 a seriocus environmental problem needing
continued research aimed toward prevention. For many years, the problem
¥ad uanoticed, while each year an additional fncrement of damage and
loas resulted. Research during the past 15 years has led us to the
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threshold of maj)or advancea in srosion control and the near prevention
of sedinent losa inte rivers and streama. The potential is good rfor
controlling Murrod erosion, but continved extensive and intensive ressarch
will be required for at least the next decade to davelop and apply the
needed technology to accomplish these major advancements,
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